Electrospun nanofibers were prepared from Rhodomyrtus tomentosa extract and poly(vinyl alcohol). The antimicrobial effect was assessed against two Gram-negative bacterial strains (Escherichia coli, Pseudomonas aeruginosa) and two Gram-positive bacterial strains (Bacillus subtilis, Enterococcus faecalis) by paper disc diffusion method. Ethyl acetate extract of R. tomentosa was selected for fabrication of nanofibers because it shows the most active antimicrobial activity with zone of inhibition ranging from 9.33 ± 0.21 to 13.67 ± 0.32 mm. The presence of high abundance of myricetin and rhodomyrtone might contribute to the antibiotic activity against all tested bacterial strains. The average diameter of the R. tomentosa extract/poly(vinyl alcohol) nanofibers increased from 120.4 to 214.8 nm with increasing concentration of R. tomentosa extract from 0.5% to 2.5%. The antimicrobial activity of R. tomentosa extract/poly(vinyl alcohol) nanofibers was relatively higher at concentration of the extract (1.5% and 2.5%) against all test organisms with a clear zone of inhibition 7-12 mm. The results demonstrated that R. tomentosa extract/poly(vinyl alcohol) electrospun nanofibers are an interesting platform for delivery of bioactive compounds as wound dressing or other strategies for combating bacterial infections.
Introduction
The field of nanotechnology is a rapidly emerging cross-discipline programme that utilizes various synthetic and naturally occurring materials in nanoscale dimensions. 1 The outstanding properties such as large surface area to volume ratio, flexibility in surface functionalities and superior mechanical performance make the polymer nanofibers to be optimal candidates for many important applications such as carriers for cell/tissue regeneration, scaffolds in wound dressing and drug delivery systems. 2 The nature is often explored in search of new medications. This has brought to the use of substantial number of medicinal plants with curative properties for treatment of different diseases. In recent years, nearly 80% of the world's population relies on traditional medicines for primary health care that mostly involves the utilization of plant extracts. 3 Plant extracts contain different bioactive compounds, which play vital role in treating illnesses. Bioactive compounds in plants are described as the secondary plant metabolites eliciting pharmacological or toxicological effects in man and animals. 4 The utilization of herbal medicines in Asia has a long history of human interaction with nature. An extensive variety of substances are found from different traditional medicinal plants which have an ability to treat chronic and infectious diseases. 5 Rhodomyrtus tomentosa is found abundantly in South East Asia. The roots, leaves and fruits of the plant are utilized in folk medicine. The extract from aerial parts of R. tomentosa contains different bioactive phytochemicals and proved to have antibacterial, antimalarial, antifungal, antioxidant, anti-inflammatory and osteogenic activity. 6 During the past few years, the ethanol extract of R. tomentosa leaves and rhodomyrtone, its principle compound, have been demonstrated to have excellent antibacterial activity against Gram-positive bacteria including Streptococcus pneumoniae and Bacillus cereus. 7 In addition, ethanolic extract of leaf and endophytic fungi isolates of R. tomentosa have shown antifungal activity against plant and human pathogenic fungi strains, respectively. 8 The above information clarified that R. tomentosa would be a promising agent for preventing infections and bring effective wound healing.
The emergence of antibiotic-resistant bacteria and advancement of tissue engineering led to introduction of novel approaches to overcome the wound healing drawbacks using natural productbased scaffolds that act as drug carrier as well mimic extracellular matrix. 9 Scaffolds are highly porous solids that are used to synthesize tissue or organ in vitro or in vivo. 10 Several methods in preparing ideal scaffold had been developed and one of the processes that attracted a great attention is electrospinning. Electrospinning process is a technique to produce large amounts of nanofibers from polymeric solutions with diverse molecules encapsulated within. 11 Electrospun fibrous materials are found to be suitable for biomedical applications as in wound dressings, drug delivery materials and tissue engineering scaffold. 12 The possibility to immobilize antibiotics and bioactive antibacterial by incorporating in nanofibers opens new field in biomedical application. This study will reveal the antibacterial activity and phytochemicals content of R. tomentosa root extracts. The most active extract against the test microbes will be incorporated with poly(vinyl alcohol) (PVA) through fabrication of nanofibers by electrospinning process. PVA was chosen because it is biocompatible synthetic polymer and is known for its solubility in water, nontoxicity, biodegradability and its enhances fiber forming ability. 13 Other synthetic biodegradable polymers such as poly(lactic acid) (PLA), poly(glycolic acid) (PGA) and poly(lactic-co-glycolic) acid (PLGA) are hydrophobic polymers and insoluble in water. 14 Preparation of nanofibers using hydrophobic polymers require organic solvents, which are toxic and not suitable as a drug carrier for biological system. Thus, PVA is well-matched to be a guest polymer in blending with R. tomentosa extract (RTE). To the best of the authors' knowledge, studies on biological activities of root extract of R. tomentosa and application of this medicinal plant in nanotechnology are none; thus, the results from this research will have significant contribution to the scientific knowledge.
Materials and methods

Plant extraction
The dried roots of R. tomentosa (2.9 kg) were soaked overnight in hexane and methanol subsequently. The soaked plant material was then sonicated at 60°C for 30 min for three cycles. The solution was filtered and rotary evaporator concentrated the filtrates. Concentrated methanol extract in water was suspended in a separatory funnel and fractionated with chloroform and ethyl acetate. Dried methanol, chloroform and ethyl acetate RTE were obtained and kept for further analysis.
Ultra-high performance liquid chromatography-quadrupole time-of-flight/mass spectrometry
One milligram of the RTE was dissolved in 1 mL methanol and subjected to ultra-high performance liquid chromatography-quadrupole time-of-flight/mass spectrometry (UPLC-QToF/MS) for the determination of active composition present in the extracts. Different extracts were subjected to UPLC-QToF/MS using an HSS BEH C18 column (2.1 × 100 mm). UPLC data are obtained via Waters Xevo G2-S QToF. The polarity is changed by adjusting the ratio of MeOH. The QToF/MS was operated in the range of 100-1500 Da, in the positive modes. All operations, acquisitions and data analyses were monitored by application solution with UNIFI software featuring the Traditional Medicine Library.
Antimicrobial activity
All the crude RTE were evaluated for their antibacterial activity using the paper disc diffusion method. The assay was conducted against human pathogens, Escherichia coli (ATCC 10536), Pseudomonas aeruginosa (ATCC 1542), Bacillus subtilis (ATCC 11774) and Enterococcus faecalis. Inoculum was prepared in a nutrient broth and incubated for 24 h at 37°C. The bacterial suspension was adjusted to the 0.5 McFarland turbidity standards.
The inoculum was spread to the entire surface of the nutrient agar plates. Gentamicine was used as positive control (PC) and solvent was used as negative control (NC). The crude extracts, 1 g of the dried extract in 1 mL of their respective solvents and the NC were applied on the filter paper discs, and the agar plates were incubated for 24 h at 37°C. The clear zones were considered as positive antibacterial activity and the diameter was measured to analyse the antibacterial potential of each extract. The antibacterial assay for each extract was repeated three times. The same method was done for the electrospun RTE/PVA nanofibers.
PVA solution preparation
Fifty grams of PVA was added to 500 mL of de-ionized water pre-heated to 40°C, under continuous stirring. The resulting solution was continuously stirred and heated up to 65°C without any interruption until the PVA was completely dissolved. The 10% PVA solution was kept at room temperature for further procedures.
RTE/PVA solution preparation
RTE stock solution (1 g/1 mL) was prepared by dissolving with ethyl acetate, which was later used in the preparation of RTE/PVA solution for electrospinning. Solutions of RTE in PVA was prepared at four different concentrations (0.25%, 0.5%, 1.5% and 2.5%) of the extract and mixed with 10% PVA solution. All of the solutions were stirred vigorously for 24 h to fully dissolve the samples at room temperature. 15 
Electrospinning
High-voltage supplied manual electrospinning was installed to which a positive and negative electrodes were attached to the ejection syringe needle and rotating collector, respectively. The variable electro-static high voltage of (0-30 kV) applied across the syringe needle and grounded collector system which consists of a rotatable flat metallic plate covered with aluminium sheet, was used to extract high surface tension across needle tip and the collector. 16 Nanofiber was made because of the forward movement of needle plunger and the applied high voltage. The process parameters of indigenous electrospinning set-up was optimized using 8.5 cm of tip-to-collector distance, 26 kV of voltage and 0.09 mL/h of feed rate for both the pure PVA and RTE/PVA solutions fiber production. The electrospun nanofibers were collected on rotating collector rolled with aluminium foil.
Characterization of electrospun nanofiber
The scaffolds of pure PVA and RTE/PVA nanofibers were characterized by standard analytical tools: X-ray spectroscopy (XRD) analysis, Field Emission Scanning Electron Microscope (FESEM) and Fourier Transform Infrared Spectroscopy (FTIR) methods.
The 10% PVA solution and (0.25%, 0.5%, 1.5% and 2.5%) RTE/PVA nanofiber samples were subjected to morphological characterization using FESEM (Hitachi S-7400, Hitachi, Japan), at an accelerating voltage up to 30 kV, a magnification of 40× and at resolution of 1.3 nm. Fiber diameters were measured with the aid of image software (ImageJ, National Institutes of Health, USA). For each sample, average fiber diameter and distribution were determined using micrographs from about 100 random measurements taken as representative of fiber morphology. The spectra of electrospun nanofiber samples were recorded as KBr pellets using Varian FTS 1000 FTIR (PerkinElmer, USA) spectrometer, over a range of 700-4000 cm -1 .
The structural characterization of electrospun nanofiber samples were done by XRD technique using a Rigaku Miniflex II, diffractometer with CuKα radiation at (λ = 1.54Å) to generate diffraction patterns from the nanofiber scaffolds at ambient temperature over the 2θ range of 10°-30° and at a scan rate of 2°/min using Ni-filtered.
Results and discussion
Analysis of chemical constituents
The chemical constituents of different RTE samples were screened with a strategy of target consist of compounds, which were previously reported in R. tomentosa based on in-house library. The presence of chemical compounds was determined based on their mass fragmentation pattern, low mass error within the acceptance range of ±5 mDa and ion response. Since all fragment ions were automatically elucidated by MassFragment, the verification process for the components became easier and all the match compounds will classified as good match. Detailed information about identified compounds is stated in Table 1 .
Methanol extract was found to contain high abundant of methylellagic acid. Similarly, previous studies revealed that hydrolysable tannins were identified as one of the major components found in RTE. 20 The flavonoid constituent, myricetin, is the major compound found in ethyl acetate extract.
Rhodomyrtone, which is known as a candidate as a natural antibiotic, 21 was found to be present in the ethyl acetate extract of R. tomentosa at retention time of 11.8 min. Most of acylphloroglucinols, rhodomyrtosone A and rhodomyrtosone B, were found in the ethyl acetate and methanol extracts, respectively. Tomentosone A was identified in the chloroform extract.
Antimicrobial activity
The antimicrobial activity of RTE against the microorganisms in the present study was qualitatively assessed, evaluating the presence of inhibition zones ( Table 2 ). The ethyl acetate of RTE was found to inhibit the growth of all microorganisms tested, that is, B. subtilis, E. coli, P. aeruginosa and E. faecalis. It has also been previously reported to show pronounced inhibitory activities against a wide variety of Gram-positive and Gram-negative bacterial strains 19 in particular E. coli and Staphylococcus aureus, due to the presence of flavonoid. Previous report showed that flavonoids such as kaempferol, myricetin, quercetin could contribute to the antibacterial activity of R. tomentosa. 22 The inhibitory action of quercetin and myricetin on DNA and RNA synthesis could be due to hydrogen bonding of B ring of the flavonoids with nucleic acid bases of the bacterial strains. 22 Higher antimicrobial activity of ethyl acetate extract was also attributed by the presence of rhodomyrtone. The result was consistent with isolated rhodomyrtone from ethyl acetate extract of the leaves of R. tomentosa. 19 Rhodomyrtone was reported to be unharmful to human erythrocytes, which is a highly desirable characteristic of an antibacterial agent. 23 On the other hand, methanol and chloroform extracts which were both found to be rich in acylphloroglucinols demonstrated inhibitory activity towards some Gram-positive and Gram-negative bacteria, but did not inhibit E. faecalis. From the result, ethyl acetate extract demonstrated the most active antimicrobial activity selected to be incorporated to PVA nanofiber. The antimicrobial activity of RTE/PVA nanofibers was relatively higher at concentration of the extract (1.5% and 2.5%) against all test organisms with a clear zone of inhibition 7-12 mm (Table 3) . These results indicate the effectiveness of the RTE/PVA nanofiber leached into the agar during the incubation period 24 The antibacterial effect could be associated with the chemical constituents described in the above section mainly of myricetin and rhodomyrtone. The result indicates that the bioactive compounds were able to possess antibacterial activity after the process of electrospinning. The RTE/PVA nanofibers with lower concentration (0.25% and 0.5%) of the extract showed no activity at all in all the test organisms This showed that the antibacterial activity of the elctrospun nanofibers is dependent on the concentration of the RTE loaded to PVA solution. Previous study revealed that PVA nanofiber was unable to inhibit bacterial strains; 15 thus, PVA nanofiber was taken as a NC in this study.
Characterization of electrospun nanofiber
The distribution charts of nanofibers diameter are depicted in Figure 1 . The increase in concentration of RTE in the 10% PVA solution not only increased the average diameter (from 120.4 to 214.8 nm) but also it broadened the fiber size distribution. This can be clearly observed that the percentage frequency of fibers in the range of 200-250 nm increased as the concentration of RTE/ PVA increases. Two factors which account for this effect are the concentration of RTE in PVA solution, which leads to an increased diameter and viscosity that leads to broader distribution of the nanofibers diameter due to nonuniform ejection of the jet. 25 FESEM result determines the morphological structure and diameter of electrospun nanofiber. 26 In this study, The FESEM result indicates different percentage of the extract loaded to 10% PVA solution, which were able to produce nanofiber with a diameter in a range of 77.7-388.9 nm. That assured that the fiber loaded with RTE was in the nanoscale range. Figure 2 shows that the RTE/ PVA solution has formed a nanofiber without interfered by formation of beads. Besides, no crystal of RTE was observed on the structures of the nanofibers. This result indicated that the RTE was well incorporated within the fibers.
Since nanoscale fibers are defined as fibers with diameter range of 50-500 nm, 27 the diameter of RTE/PVA fibers in this study were in the range of nanometer scale. The average diameter of all ratios of RTE/PVA extract and that of 10% PVA solution is shown in Table 4 . The average diameter of the fibers increases as the concentration of RTE increases. The difference in diameter became higher as the amount of the extract in the 10% PVA solution increases. The reason may be same as it was reported by some studies that a nanofiber diameter increases with increase in concentration and viscosity of a solution. [27] [28] [29] The crystalline structure and chain orientation in polymer nanofibers electrospun are dependent on process variables as molecular weight, polymer-solvent interactions and process timescale. 30 The sharp peaks obtained in XRD pattern confirm the formation of highly good crystallinity materials. 31 Interpretation of XRD is based on positions and intensities of diffraction peaks which are unique to a given chemical compound. 32 Figure 3 shows that pure PVA fiber has strong intensive peak at 20° due to the (101) reflection plane of the semi-crystalline PVA molecules. 33 This crystallinity is resulted from the strong intermolecular and intramolecular of hydrogen bond in PVA polymer chains. It should be clearly noted that the peak area of the samples decreased with the addition of RTE. The irregular peaks of RTE/PVA membranes at 5° and 40° prove that the crystallinity of the fibers was affected by the existence of RTE. 34 All the RTE/PVA nanofibers possess a pick that lies at 20° imply that the RTE was successfully loaded in PVA nanofiber. The peaks showed considerable broadening is due to the nanophase formation with less internal stress. 16 In the present study, FTIR spectroscopy was conducted to analyse any structural changes that might have occurred due to incorporation of RTE to PVA nanofibers and to elucidate the interaction (hydrogen bonding) in the blend of nanofibers which consequently may influence the compatibility of RTE/PVA nanofibers. 35 Figure 4 shows overlap FTIR spectra of PVA and RTE/PVA solutions of different concentrations. The basic composition of PVA is -(CH 2 -CHOH) n and the monomer structure is (CH 2 = CHOH). Intra-and intermolecular hydrogen bindings are expected to occur among PVA chains due to high hydrophilic forces. 36 The peak observed at approximately 1081 cm -1 , where the area is considered to be a figure print for most chemical compounds, 37 is attributed to the presence of terminal polyvinyl groups. The pick at around 1715 cm -1 indicates the -C = O carbonyl stretching bond. It is also observed that the band obtained at 29,003,000 cm -1 indicates C-H stretching bond and the peak between 3325 and 3840 cm -1 is hydrogen bonded -OH group. In addition, peak intensities at around 2947, 1431 and 1081 cm -1 are assigned to the aliphatic CH group vibration of different modes in OH, CH 2 and CH, respectively. 38 Significant changes were observed between the vibrational frequencies and intensity of nanofibers formation. Obviously with the increase of concentration of RTE in RTE/PVA nanofiber, the relative intensity of peak at around 1700 cm -1 which belongs to carbonyl group (-C = O) in PVA was increased as the correlation between absorbance and concentration is clearly stated in the Beer-Lambert law. 39 This might be due to the carbonyl groups in phytochemicals such as acylphloroglucinols, chromones, triterpenes and xanthenes. The broad bands noticed at 2916-3732 cm -1 is due to stretching vibrations involving the hydroxyl groups of PVA and phytochemical constituents of R. tomentosa as flavonoids and phenols. From the FTIR result, the picks that were observed for PVA nanofibers were also observed in spectra of the different concentrations of RTE/PVA nanofibers. The result indicates that the RTE were well incorporated into the PVA nanofiber patches. In recent decades, studies assessing the utilization of electrospun nanofibers containing natural products for the application in different fields are rising. Electrospun nanofibers afford great flexibility for drug delivery applications, since their properties can be adapted by a cautious selection of polymers, drugs, solvents, emulsifying agents, and electrospinning process conditions. 40 In this work, ethyl acetate extract of the root of R. tomentosa was incorporated with PVA and the antimicrobial activity could be verified against the four bacterial strains with an inhibition zone ranging from 7 to 12 mm. The use of natural antimicrobial agents is rapidly growing as it provides antimicrobial surfaces that tend to be non-toxic and environmentally benign. These natural antimicrobial compounds are mostly extracted from plants. 41 The results were in line with previous research that shows a nanofiber composite of PVA containing Juniperus chinensis extract has good efficiency for antibacterial activity against both the Gram-positive and Gram-negative bacteria, even in lower amount of the extract. 15 Yao et al. 42 have produced gelatine nanofiber loaded with Centella asiatica extract that has wound healing activity and it was found to be effective against S. aureus, E. coli and P. aeruginosa. Furthermore, in vitro antibacterial tests showed the efficacy of green tea extract loaded chitosan and polyethylene oxide electrospun fibers against E. coli and S. aureus with inhibition zone on agar plates of 4 and 6 mm in diameter, respectively. 43 Previous research results of synthetic nanofibers containing natural antimicrobial compounds mostly were effective against microbes, and being utilized to minimize bacterial adherence to surfaces. 41 In the search for new therapeutic options in wound dressing, plants and their metabolites are a great source of novel bio-molecules.
Conclusion
This is the first work that assessed the antimicrobial activity of the root of R. tomentosa. In addition, the most active extract, ethyl acetate extract was successfully loaded to 10% PVA solution at different concentrations (0.25%, 0.5%, 1.5%, 2.5%) and the electrospun nanofibers with the size ranging from 120 to 214 nm were successfully fabricated using electrospinning process. The electrospun R. tomentosa loaded PVA nanofiber mats were also found to be active against the four bacterial strains with an inhibition zone ranging from 7to 12 mm. In conclusion, it was demonstrated that RTE/PVA electrospun nanofibers are an interesting platform for delivery of bioactive compounds as wound dressing or other strategies for combating bacterial infections.
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